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ABSTRACT 



There is described formation of a contact hole without 
involvement of damage to an etching stopper film and 
deterioration of electric characteristics, achieved by means 
of a self-alignment method. An interlayer oxide film is 
etched through an opening of a resist mask, and by means of 
plasma etching through use of a processing gas comprising 
a mixture of a rare gas and a CF -based gas, thereby tapering 
a shoulder of the silicon nitride film. Alternatively, a silicon 
oxide film and a silicon nitride film are continually etched 
through an opening of the resist mask, by means of plasma 
etching through use of a CH 2 F 2 gas added to a mixed gas 
including a rare gas and a Q-F 8 gas. 
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SEMICONDUCTOR DEVICE HAVING AN 
IMPROVED CONTACT STRUCTURE AND A 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, such as an IC or an LSI, as well as to a method of 
manufacturing the semiconductor device. Particularly, the 
present invention relates to a semiconductor device and a 
manufacturing method thereof in which contact holes are 
formed in a self- aligned manner. 

[0003] The present invention relates to a semiconductor 
device, such as an IC or an LSI, as well as to a method of 
manufacturing the semiconductor device. Particularly, the 
present invention relates to a semiconductor device and a 
manufacturing method thereof in which contact holes are 
formed in a self-aligned manner. 

[0004] 2. Background Art 

[0005] In recent years, a self-aligned contact hole (SAC), 
such as that shown in FIG. 34, has been adopted, as the 
development of a semiconductor device has advanced 
toward higher integration and further improved perfor- 
mance, as exemplified by the recently-deve loped ULSI. 

[0006] In order to form a self-aligned contact hole, on a 
silicon semiconductor substrate 1, an element isolation 
region 2 is first formed as shown in FIG. 34. Subsequently, 
a gate oxide film 3, a gate electrode 4, and a protective oxide 
film 5 are formed into predetermined patterns on the sub- 
strate 1. A thin protective film 7 is deposited so as to provide 
electrical isolation on the overall construction of the gate 
electrode 4. An etching stopper film 8 ms.de of a silicon 
nitride film is deposited on the oxide film 7, g.nd an interlayer 
oxide film 11 is deposited on the etching stopper film 8. After 
a pattern has been formed by means of a photoresist 12, a 
contact hole 15 is formed by etching. 

[0007] At this time, the etching of the inter layer oxide film 
11 must be stopped at the silicon nitride film 8. If the etching 
operation is not stopped, the gate electrode 4 will become 
exposed as shown in FIG. 35, resulting in short-circuiting 
with an upper wiring layer. To prevent the short -circuit, there 
must be ensured sufficient etch selectivity between the 
interlayer oxide film 11 and the silicon nitride film 8. 

[0008] Further, under such a conventional method, a hole 
is opened with high etch selectivity with respect to the 
etching stopper film 8, and in a subsequent step, the etching 
stopper film is removed from the bottom of the hole. Thus, 
formation of a hole involves two manufacturing steps, 
adding to cost and resulting in lower-yield manufacture. 

[0009] Further, as wiring pitches are miniaturized, the 
aspect ratio of the hole to be etched increases. Then, as show 
in FIG. 36, when an opened contact hole is filled with wiring 
material 21, a void (gap) becomes more apt to arise in an 
area sandwiched between the gate electrodes at the bottom 
of the contact hole. 

[0010] To form a contact hole by means of the self- 
alignment method, the interlayer oxide film 11 is etched, and 
a flat portion of the nitride film 8 serving as an etching 
stopper film is also removed. On the other hand, a tapered 



area of the etching stopper film provided in the bottom of the 
contact hole or the etching stopper film provided in prox- 
imity of the gate electrodes is desirably left substantially 
intact in order to protect the gate electrodes. 

[0011] Therefore, the etching rate at the tapered area of the 
etching stopper film is desirably lower than that of the 
interlayer oxide film, according to a difference in material 
between the nitride film and the interlayer oxide film. That 
is, the etching selectivity between a nitride film and a 
interlayer oxide film is desirably large. 

[0012] A mixture of C 4 F 8 gas and CH 2 F 2 gas such as those 
described in, e.g., Japanese Patent Application Laid-open 
No. Hei-7-161702 is used for etching a contact hole. In such 
a dry etching operation, a tapered portion of an etching 
stopper film is more likely to be etched through sputtering of 
ions than is a plane portion of the same. For this reason, 
when a etching stopper film is thin or etching selectivity is 
insufficient for a tapered portion, the etching stopper film 
provided at the tapered area is removed simultaneously with 
the etching of the interlayer oxide film, depending on a 
positional relationship between the resist pattern and the 
gate electrode. Resultantly, a dielectric film surrounding the 
gate electrode is rendered thin. If a contact hole is formed in 
this situation, a voltage withstand failure may be caused 
between the gate electrode and a wiring layer to be subse- 
quently formed, thus resulting in a short-circuit and an 
operation failure. 

[0013] A conceivable measure to prevent these failures is 
to increase the thickness of the etching stopper film 8 shown 
in FIG. 34, to increase the thickness of an oxide film side 
wall (not shown), as well as to increase the thickness of the 
protective oxide film 5. Although this method enables pre- 
vention of a short-circuit between the gate electrode 4 and a 
wiring layer to be subsequently formed, the surface irregu- 
larities become significant, thus imposing a problem on a 
subsequent manufacturing process. 

[0014] FIGS. 37 and 38 show an example of a step of 
forming a bit line contact (BC) hole during the process of 
manufacturing a conventional semiconductor memory. FIG. 
38 is a plan view, and FIG. 37 is a cross-sectional view taken 
along a broken line provided in FIG. 38. In FIGS. 37 and 
38, reference numeral 1 designates a semiconductor sub- 
strate (Si); 4 designates a gate wiring pattern including gate 
electrodes; 8 designates a nitride film used for forming a BC 
hole in a self-aligned manner; and 11 designates an inter- 
layer oxide film. 

[0015] According to the existing technique, after forma- 
tion of the interlayer oxide film 11, the photoresist 12 is 
patterned, thus opening the contact hole 15 (i.e., a bit line 
contact). At this time, the contact hole 15 is usually formed 
into a square pattern or a nearly-square pattern. When the 
interlayer oxide film 11 is etched up to the nitride film 8, the 
contact hole 15 designed according to such standards is apt 
to reach the shoulder portion of the nitride film 8. 

[0016] Deposited components are less likely to adhere to 
the shoulder portion of the nitride film 8, and hence the 
shoulder portion of the nitride film 8 is apt to be removed, 
thus resulting in high possibility of short-circuit between 
wiring patterns such as that shown in FIG. 39. 

[0017] Further, the interlayer insulating film 11 and the 
silicon nitride film 8 have similar characteristics and are 
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etched by the same etching gas, so that it is difficult to secure 
sufficient etching selectivity between the two films. There- 
fore, it is required to adopt an etching stopper film that 
shows an sufficient etching selectivity. 

[0018] The present invention has been conceived to solve 
the foregoing problems, and the object of ths present inven- 
tion is to provide a semiconductor device which has a 
structure to prevent deterioration of the electric character- 
istics of the device when a contact hole is formed by a 
self-alignment method, by preventing etching of an elec- 
trode protecting area. Further object of the present invention 
is to provide a method of manufacturing a semiconductor 
device which enables improvement in reliability of the 
device and which enables improved-yield in manufacture of 
the device. 

SUMMARY OF THE INVENTION 

[0019] According to one aspect of the present invention, in 
a method of manufacturing a semiconductor device, a resist 
mask is formed on a silicon oxide film kid on a silicon 
nitride film having a step portion on a semiconductor 
substrate, in such a way as to have an opening above said 
step portion. Then, the silicon oxide film is etched through 
said opening of the resist mask, by means of plasma etching 
through use of a processing gas comprising a mixture of a 
rare gas and a CF-based gas, thereby tapering the shoulder 
of said step portion of said silicon nitride film. 

[0020] In another aspect, in the method, a mix ratio of said 
rare gas and said CF-based gas is adjusted to control the 
position where the step portion of the silicon nitride film is 
tapered. 

[0021] According to another aspect of the present inven- 
tion, in a method of manufacturing a semiconductor device, 
a silicon nitride film is anisotropically etched through an 
opening formed in a silicon oxide film, which is formed on 
said silicon nitride film on a semiconductor substrate, by 
means of plasma etching through use of a mixed gas 
including Cl 2 and HBr. 

[0022] According to another aspect of the present inven- 
tion, in a method of manufacturing a semiconductor device, 
a resist mask is formed on a silicon oxide fLlm laid on a 
silicon nitride film having a step portion on a semiconductor 
substrate, in such a way as to have an opening above said 
step portion. Then, the silicon oxide film and the silicon 
nitride film are etched through said opening of the resist 
mask, by means of plasma etching through use of a gas 
mixture formed by addition of a CH 2 F 2 gas to a mixed gas 
including a rare gas and a C 4 F 8 gas. 

[0023] In another aspect, in the method, a mix ratio of the 
rare gas and the CH 2 F 2 gas is adjusted according to the 
height of the step portion of the silicon nitride film. 

[0024] According to another aspect of the present inven- 
tion, a semiconductor device is manufactured which 
includes a silicon conductive film formed on a semiconduc- 
tor substrate, a first silicon oxide film formed on said silicon 
conductive film, a silicon nitride film formed on said first 
silicon oxide film, and a second silicon oxide film formed on 
said silicon nitride film. In the method of manufacturing the 
semiconductor device, a resist mask is formed on said 
second silicon oxide film so as to have an opening above the 
silicon conductive film. Then, there are etched said second 



silicon oxide film, said silicon nitride film, and said first 
silicon oxide film through said opening of said resist mask, 
by means of plasma etching through use of a CH 2 F 2 gas 
added to a mixed gas including a rare gas and a C 4 F 8 gas, 
thereby forming a hole reaching said silicon conductive film. 

[0025] According to another aspect of the present inven- 
tion, a semiconductor device is processed which includes a 
silicon nitride film formed on an underlying film on a 
semiconductor substrate, said silicon nitride film having a 
step portion for forming a groove with predetermined width 
and height, and a silicon oxide film formed on the silicon 
nitride film. In a method of manufacturing the semiconduc- 
tor device, a resist mask is formed on said silicon oxide film 
so as to have an opening above said step portion of said 
silicon nitride film, and said opening is formed to extend on 
the upper surface of said step portion of said silicon nitride 
film by at least 0.1 times the width of the groove. Then, said 
silicon oxide film is ethched through said opening. 

[0026] According to another aspect of the present inven- 
tion, in a method of manufacturing a semiconductor device, 
an etching stopper film is formed on an underlying layer on 
a semiconductor substrate, and said etching stopper film is 
formed so as to have a groove with a width of less than 0.2 
/<m and height of not less than 2.5 times of said width. A 
silicon oxide film is formed on said etching stopper film. A 
resist mask is formed on said silicon oxide film so as to have 
an opening above the groove of the etching stopper film. 
Then, the silicon oxide film is etched through said opening 
to reach said groove of said silicon nitride film. 

[0027] According to another aspect of the present inven- 
tion, in a method of manufacturing a semiconductor device, 
a SiO x N y film having a step portion is formed on an 
underlying film on a semiconductor substrate and is sub- 
jected to a heat treatment. A silicon oxide film is formed on 
the SiO j: N y film. A resist mask is formed on the silicon oxide 
film so as to have an opening above the step portion of the 
SiO x N y film. Then, the silicoa oxide film is etched through 
said opening of the resist mask, thereby forming a hole to 
reach said SiO x N y film. 

[0028] According to another aspect of the present inven- 
tion, in a method of manufacturing a semiconductor includ- 
ing a silicon oxide film formed on an underlying layer on a 
semiconductor substrate, formed on the silicon oxide film is 
a resist mask having an opening formed at a predetermined 
location thereon. Then, the silicon oxide film is etched 
through said opening of the resist mask to form a hall 
reaching the silicon nitride film, by means of plasma etching 
through use of a mixed gas including a rare gas and a C 3 F 6 
gas or CF 3 — O — CFHCF 3 gas. 

[0029] Other and further objects, features and advantages 
of the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a cross-sectional view showing a struc- 
ture of a semiconductor device according to a first embodi- 
ment of the present invention; 

[0031] FIGS. 2 through 9 are cross-sectional views 
showing a method of manufacturing a semiconductor device 
according to the first embodiment; 
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[0032] FIGS. 10 through 12 are a cross-sectional view 
showing a method of manufacturing a semiconductor device 
according to a second embodiment of the present invention 
and the structure of the semiconductor device manufactured 
thereby; 

[0033] FIG. 13 is a cross-sectional view showing another 
method of manufacturing a semiconductor device according 
to the second embodiment and the structure of the semicon- 
ductor device manufactured thereby; 

[0034] FIG. 14 is a cross-sectional view showing a 
method of manufacturing a semiconductor device according 
to a third embodiment of the present invention and the 
structure of the semiconductor device manufactured 
thereby; 

[0035] FIGS. 15 through 17 are cross-sectional views or 
plan view showing a method of manufacturing a semicon- 
ductor device according to a fourth embodiment of the 
present invention and the structure of the semiconductor 
device manufactured thereby; 

[0036] FIGS. 18 and 19 are cross-sectional views show- 
ing a method of manufacturing a semiconductor device 
according to a fifth embodiment of the present invention and 
the structure of the semiconductor device manufactured 
thereby; 

[0037] FIG. 20 is a cross-sectional view showing a 
method of manufacturing a semiconductor device according 
to a sixth embodiment of the present invention and the 
structure of the semiconductor device manufactured 
thereby; 

[0038] FIGS. 21 through 24 are cross-sectional views 
showing a method of manufacturing a semioDnductor device 
and the structure thereof according to a seventh embodiment 
of the present invention; 

[0039] FIGS. 25 through 27 are graphs for explaining the 
semiconductor device manufacturing method according to 
the seventh embodiment; 

[0040] FIGS. 28 through 30 are cross-sectional views 
showing a method of manufacturing a semiconductor device 
and the structure thereof according to an eighth embodiment 
of the present invention; 

[0041] FIGS. 31 through 33 are schematic representa- 
tions or a graph for explaining the semiconductor device 
manufacturing method according to the eighth embodiment; 

[0042] FIGS. 34 through 39 are cross-sectional views 
showing a structure of a semiconductor device using a 
conventional self-aligned contact hole. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] Some preferred embodiments of the present inven- 
tion will now be described by reference to the accompanying 
drawings. Throughout the drawings, like reference numerals 
designate like or corresponding elements, and repeated 
explanations thereof will be simplified or omitted. 

[0044] First Embodiment 

[0045] FIGS. 1 through 9 are views for describing a 
method of manufacturing a semiconductor device according 
to a first embodiment of the present invention, as well as the 



structure of the semiconductor device manufactured thereby. 
FIG. 1 shows a cross-section of a semiconductor device 
represented by DRAM in the manufacturing process; and 
FIGS. 2 through 9 are cross-sectional views showing the 
process for manufacturing the semiconductor device. 

[0046] As shown in FIG. 1, the semiconductor device 
comprises a semiconductor substrate 1; an element isolation 
region 2 formed on the semiconductor substrate 1; a gate 
oxide film 3 formed from a silicon oxide film (hereinafter 
sometimes referred to simply as an oxide film); a gate 
electrode 4 formed on the gate oxide film 3; a protective 
oxide film 5 formed on the gate electrode 4; a source/drain 
region 6; a thin-film oxide film 7 formed over the semicon- 
ductor 1, the element isolation region 2, the protective oxide 
film 5, and the source/drain regions 6; an etching stopper 
film 8. The thin-film oxide film 7 is formed over the 
semiconductor 1, the element isolation region 2, the protec- 
tive oxide film 5, and the source/drain regions 6. The etching 
stopper film 8 is formed over the thin-film oxide film 7 to 
suppress the progress of etching, and is formed from a 
silicon nitride film (hereinafter referred to simply as a nitride 
film, when necessary). 

[0047] FIGS. 2 through 9 show a series of continual 
manufacturing processes according to the first embodiment 
in the form of eight drawings. A method of forming a 
self-aligned contact hole according to the first embodiment 
will now be described. 

[0048] As shown in FIG. 2, the element isolation region 2 
is first formed on the semiconductor substrate 1, and an 
oxide film used for forming the gate oxide film 3 is deposited 
over the semiconductor substrate 1 and the element isolation 
region 2. A polycrystalline silicon layer used for forming the 
gate electrode 4 is deposited on the gate oxide film 3. 
Further, an oxide film used for forming the protective oxide 
film 5 is deposited on the gate electrode 4. 

[0049] A non-illustrated resist pattern is formed on the 
wafer, and the wafer is etched while the resist pattern is used 
as a mask, thus forming the gate oxide film 3, the gate 
electrode 4, and the protective oxide film 5 in respective 
predetermined patterns. 

[0050] As shown in FIG. 3, ions such as phosphor (P) ions 
are implanted into the wafer while the gate electrode 4 and 
the non-illustrated resist pattern are used as masks, thereby 
forming the n-type source/drain regions 6, as exemplified in 
FIG. 4. At this time, the ions are implanted at low concen- 
tration so as to suppress a short-channel effect. Further, 
CMOS can be actually manufactured by forming p-type 
source/drain regions through implantation of ions while a 
resist pattern is used and by coating the previously-formed 
source/drain regions. 

[0051] As shown in FIG. 4, the thin-film oxide film 7 for 
insulation purposes is deposited over the entire surface of 
the wafer to a thickness of 15 nm. In the present embodi- 
ment, the etching stopper film 8 — which is formed from a 
nitride film to protect a lower layer from etching is deposited 
on the thin-film oxide film 7 to a thickness of 50 nm, and an 
interlayer oxide film 11 is deposited on the etching stopper 
film 8. 

[0052] The thin-film oxide film 7 is important in prevent- 
ing the nitride film 8 from coming into direct contact with 
the semiconductor substrate 1 and the gate electrode 4. More 
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specifically, the thin-film oxide film 7 is effective in reducing 
crystalline imperfections stemming from the stress exerted 
on the nitride film and the semiconductor substrate, as well 
as in improving the resistance of the gate to hot carriers. 

[0053] As shown in FIG. 5, the interlayer oxide film 11 
has an irregular surface caused by the pattern formed in the 
previous steps. The oxide film is made smooth through 
etching, such as RIE, by means of an etch- back technique, 
thus forming the smooth interlayer oxide film 11. 

[0054] As shown in FIG. 6, the resist pattern 12 to be used 
for forming a predetermined contact hole is formed on the 
interlayer oxide film 11. Alternatively, in some cases, an 
organic reflection prevention film is deposited under the 
resist pattern. In the present embodiment, there is described 
that a reflection prevention film is not foimed below the 
resist pattern. 

[0055] The interlayer oxide film 11 is selectively etched 
with respect to the nitride film 8 in a mixed gas (a rare 
gas/C 4 F 8 gas) atmosphere comprising a rare gas (an inactive 
gas such as Ar or He) and a C4F8 gas, through use of 
high-density plasma such as ICP or ECR. As a result, as 
shown in FIG. 6, the shoulders of the nitride film 8 are 
tapered. 

[0056] FIG. 7 is a graph showing the position from which 
tapering of the shoulder of the nitride film is commenced in 
a case where the Ar/C 4 F 8 gas is used as an etching gas. In 
FIG. 7, reference symbol a designates a distance between 
the side wall surface of the nitride film and the wall of the 
hole formed in the resist pattern; and b designates the width 
of the tapered portion or the position from which tapering of 
the shoulder is commenced. When the alignment accuracy of 
photolithography is 0.05 /«n, the distance a is set to about 
0.05 ;<m in order to ensure a margin for an alignment error. 

[0057] At this time, a mixed gas including a C 4 F 8 gas and 
an At gas is used as a gas for etching the contact hole, and 
a flow ratio of C 4 F 8 to Ar is set to 12:150. As shown in FIG. 
6 and FIG. 7, the stopper film provided at the bottom of the 
contact hole can be tapered at a position 300 to 400 A spaced 
away from the side surface of the gate electrode 4. 

[0058] The position where the stopper film is tapered can 
be controlled by adjusting the gas flow ratio used for 
etching. 

[0059] Even if there arises an alignment error, as shown in 
FIG. 8, the tapered portion formed around the bottom of the 
contact hole is not significantly increased, as- can be seen 
from FIG. 7. Therefore, the contact hole can be etched 
without involvement of a short-circuit between the gate 
electrode and the contact hole, by selection of an appropriate 
gas flow rate. 

[0060] Although a mixed gas including an Ar gas and a 
C^F 8 gas is used in the foregoing example, tapered areas can 
be formed in an analogous manner even through use of 
another CF-based gas having a different composition. The 
position where a tapered area is to be formed can be 
controlled by adjustment of the flow rate of gas, thus 
yielding an advantageous result analogous to that yielded in 
the previous example. 

[0061] As shown in FIG. 9, subsequent to the foregoing 
step, the etching stopper film (SiN film) 8 is etched back. As 
a result of use of a CU gas and a HBr gas as an etching gas, 



the nitride film (SiN film) 8 can be anisotropically etched at 
high selectivity with respect to the oxide film 7 underlying 
the nitride film 8. 

[0062] In the process of etching the stopper film (SiN) 8 
after etching of the interlayer oxide film 11, the SiO/SiN 
selectivity is set to 20 or more. With such a selectivity, even 
if the nitride film is tapered when the interlayer oxide film 
is etched, an electrical short-circuit between the gate elec- 
trode and the contact hole can be prevented. 

[0063] A specific method will now be described. In a case 
where a parallel plate plasma enhanced etcher is used, the 
interlayer oxide film is etched under the conditions that the 
Cl 2 -HBr gas flow rate is 100/30 ccm, pressure is 100 m Torr, 
RF power of an upper electrode is 500 W, and RF power of 
a lower electrode is 100 W. Then, the etching stopper film 
can be anisotropically etched back at a high SiO/SiN selec- 
tivity of 20 or more. 

[0064] Subsequently, the contact hole is filled with con- 
ductive material, so that a superior contact hole can be 
formed without involvement of a void at the bottom of the 
contact hole. 

[0065] As mentioned above, according to the first embodi- 
ment, tapered angle can be formed at the bottom of the 
contact hole which allows smooth filling of conductive 
material into the contact hole. As a result, a filling failure can 
be prevented. 

[0066] The position where a tapered area is to be formed 
can be controlled by adjustment of the gas ratio at the time 
of an etching operation. 

[0067] Second Embodiment 

[0068] FIGS. 10 through 13 are views for describing a 
method of manufacturing a semiconductor device according 
to a second embodiment of Ihe present invention, as well as 
the structure of the semiconductor device manufactured 
thereby. 

[0069] FIG. 10 shows the cross-sectional structure of a 
semiconductor device represented by, e.g., DRAM, during 
the manufacturing process. The semiconductor device 
shown in FIG. 10 is substantially the same in construction 
as that shown in FIG. 1. Since identical elements are 
assigned identical reference numerals, repetition of their 
explanations will be omitted here. However, in FIG. 10, the 
diameter of a contact hole (or groove) to be formed is 
denoted by reference symbol dl, and an opening of a resist 
pattern has diameter d2. 

[0070] There will now be described a series of continual 
processes for forming the structure of the semiconductor 
device such as that mentioned above. 

[0071] First, a wafer is subjected to the manufacturing 
processes identical with those described previously by ref- 
erence to FIGS. 2 through 5. 

[0072] As a result, as shown in FIG. 10, there is obtained 
a semiconductor device including the resist pattern 12 
formed over the interlayer oxide film 11. Although on some 
occasions a reflection prevention film is deposited below the 
resist pattern 12, the reflection prevention film will be 
omitted here. 
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[0073] The area of the resist pattern 12 required to form a 
contact hole is the area designated by dl in the drawing. 
However, to forma contact hole by means of a self alignment 
technique, there is formed an opening with diameter d2 in 
the resist pattern 12 which is larger than the diameter dl. 

[0074] Next, while the resist pattern 12 is used as a mask, 
the interlayer insulting film 11 is etched selectively with 
respect to the nitride film 8, through use of high-density 
plasma such as ICP or ECR, as well as a gas formed by 
adding a CH 2 F 2 gas to a mixed gas (a rani gas/C 4 F 8 gas) 
including a rare gas (an inactive gas such as Ar or He) and 
a C 4 F 8 gas. As shown in FIG. 11, the depth of the insulating 
layer 11 is designated as cl, and the depth of the starting 
point of the deposition is designated as c2. 

[0075] A specific example of etching conditions is as 
follows: 

[0076] Ar/C 4 F 8 /CH 2 F 2 =150/12/5-20 seem, 12 Pa, 
source power of 1200 W, and bias power of 1600 W 

[0077] When the diameter dl to be removed between gate 
electrodes=0.1 m and cl=250 nm, then CH 2 F>>=20 seem 
(c2=200-250 nm). 

[0078] When the diameter dl to be removed between gate 
electrodes=0.1 jiim and cl=550 nm, then CH-,F 2 =20 seem 
(c2~400-550 nm). 

[0079] As shown in FIG. 11, as a result of addition of 
CH 2 F 2 gas to the mixed gas, adhesion of a deposition 17 to 
the inner side wall of the contact hole 15 is promoted. The 
stopper nitride film 8 provided along the shoulder of the gate 
electrode 4 is protected from etching. Al this time, the 
oxide/nitride selectivity assumes a value of 20 or more. 

[0080] The vertical position denoted by reference c2 
shown in FIG. 11 — from which the depositions 17 starts to 
adhere to the inner sidewall — shifts close to the opening 
surface of the contact hall if the amount of CH 2 F 2 gas to be 
added is increased. In contrast, if the amount of CH 2 F 2 gas 
is reduced, the position shifts to a deeper location. 

[0081] Since deposition becomes more difficult to adhere 
to the inner surface of the contact hole 15 as the diameters 
dl and d2 of the holes increase, the amount of CH 2 F 2 gas to 
be added must be increased. 

[0082] More specifically, the amount of CH 2 F 2 gas to be 
added should be controlled depending on the desired struc- 
ture of a semiconductor device as represented by depth cl 
where the nitride film on the shoulder of ths gate electrode 
becomes exposed and by the diameter dl of the groove 
between the gate electrodes 4. As a result, the position at 
which depositions adhere to the inner surface of the contact 
hole can be controlled. 

[0083] The presence of the depositions 17 on the inner 
side wall in the narrow groove between the gate electrodes 
4 limits entry of radicals, thus permitting only ions to reach 
the bottom of the contact hole 15. As a result, the difference 
in etching rate between the oxide film and the nitride film is 
eliminated (i.e., the oxide/nitride selectivity is about one), 
thus etching the stopper film provided on the bottom of the 
contact hole 15. The depositions 17 adhering to the side wall 
is removed at the time of resist ashing, as shown in FIG. 12. 

[0084] As set forth, according to the second embodiment, 
since the wafer is subjected to plasma etching through use of 



a mixture of rare gas/C 4 F 8 gas having CH 2 F 2 gas added 
thereto, the presence of deposition on the inner side wall of 
the contact hole protects the stopper film on the gate 
electrode from etching, thus ensuring a margin for an 
electrical short-circuiting between the gate electrode and the 
contact hole. Simultaneously, the nitride film can be 
removed from the bottom of the contact hole, thereby 
ensuring electrical contact. 

[0085] Further, according to the second embodiment, the 
forming of the contact hole in the interlayer oxide film 11 
and the removal of the stopper nitride film 8 from the bottom 
of the contact hole can be carried out simultaneously. 

[0086] Further, so long as the wafer is continually sub- 
jected to an ashing process in an identical chamber, the 
manufacturing process can be simplified, and a minute 
contact hole can be formed without involvement of an 
electrical short-circuiting between the contact hole and the 
gate electrode 4, thus resulting in an improvement in the 
degree of integration, manufacturing yield, and reliability. 

[0087] FIG. 13 is a cross-sectional view showing another 
method of forming a contact hole according to the second 
embodiment. In FIG. 13, a contact hole is opened by 
removal of the silicon nitride film 8 and the thin-film oxide 
film 7 from the inside of the contact hole through use of a 
parallel plate plasma enhanced CVD system. 

[0088] A contact hole is etched at a pressure of 0.8 to 1.3 
Pa, through use of an ICP plasma etching system, as well as 
an etching gas formed by addition of a small amount of 
CH 2 F 2 (10-20 seem) to a C 4 F 8 /Ar gas of 12/150 seem. The 
deposition film 17 is formed in the vicinity of an upper 
portion of the narrow groove between the gate electrodes, 
thus stopping the process of etching of the silicon nitride 
film 8. 

[0089] In contrast, the presence of the deposition film 17 
in the vicinity of an upper portion of the narrow groove 
limits entry of radicals, which would cause a deposition 
effect, into the bottom of the narrow groove. Accordingly, 
the etching of the silicon nitride film 8 proceeds to the 
bottom of the narrow groove, thus rendering the silicon 
nitride film 8 thin. 

[0090] When the width d3 of the narrow groove is ^0.15 
//, the following phenomenon becomes noticeable. In a wide 
area (a hole diameter ^0.3 /<tm) such as an upper portion of 
the narrow slit, an etching rate of an oxide film assumes a 
value of about 700 nm/min, and an etching rate of a nitride 
film assumes a value of less than 100 nm/min. In contrast, 
at the bottom of the narrow groove, the etching rate of an 
oxide film assumes a value of about 500 nm/min, and the 
etching rate of a nitride film also assumes a value of about 
500 nm/min. 

[0091] As mentioned above, suppose the contact hole is 
etched under the foregoing conditions and through use of the 
ICP plasma etching system. In the subsequent process, the 
silicon nitride film 8 and the thin-film oxide film 7 are etched 
through use of the parallel plate plasma enhanced CVD 
system. Even when the etching rate of the silicon nitride film 
8 at the bottom of the narrow groove decreases as a result of 
RIE lag, the contact hole can be opened without involvement 
of over- etching. 

[0092] As mentioned above, according to the second 
embodiment, if the contact hole lies on one of two gate 
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electrodes as a result of a significant miss-alignment arising 
when the contact hole is patterned by means of photolithog- 
raphy, and if a narrow groove is formed between the gate 
electrodes, the contact hole can be stably opened without 
involvement of an electrical short-circuiting between the 
contact hole and the gate electrode. 

[0093] As described above, according to the second 
embodiment, a deposition adheres to the in tier side wall of 
the contact hole through the effect of an added gas, thus 
protecting the stopper film laid along the sho ulder of the gate 
electrodes. As a result, while a margin for short-circuiting 
between the gate electrode and the contact hole is ensured, 
the nitride film can be removed from the bottom of the 
contact hole, thus ensuring electrical contact. 

[0094] Further, as mentioned above, the interlayer insu- 
lating film and the stopper film provided on the bottom of the 
contact hole can be simultaneously etched away, thus result- 
ing in a reduction in the number of manufaciuring processes 
and cost, as well as improved manufacturing yield. 

[0095] Third Embodiment 

[0096] FIG. 14 is a cross-sectional view for describing a 
method of manufacturing a semiconductor device according 
to a third embodiment, as well as the semiconductor device 
manufactured thereby. 

[0097] As shown in FIG. 14, according to the third 
embodiment, a contact hole 18 which lies on the gate 
electrode 4 can be opened while the contact hole 15 is 
opened by means of the self-alignment technique described 
in the second embodiment. 

[0098] The contact hole 18 that lies on the gate electrode 
4 can be opened by utilization of the following phenomenon. 
First, the oxide/nitride selectivity at the bottom of the 
contact hole drops during the etching of the interlayer oxide 
film 11. Secondly, the materials to be used for an electrode 
(e.g., polysilicon or silicide) exhibit etching selectivity. 

[0099] The gate electrode 4 may be another conductor. 
Further, the nitride film 8 laid on the gate electrode 4 is not 
limited to the etching stopper film deposited at the time of 
formation of the structure which has been described in the 
previous embodiment and is shown in FIG. 10. 

[0100] As mentioned above, according to the third 
embodiment, a self-aligned contact hall and a contact hole to 
a gate electrode can be opened simultaneously. Accordingly, 
the number of manufacturing processes and cost can be 
significantly reduced. 

[0101] Fourth Embodiment 

[0102] FIGS. 15 through 17 are views for describing a 
semiconductor device according to a fourth embodiment of 
the present invention, as well as a method of manufacturing 
the semiconductor device. 

[0103] FIG. 15 is a cross-sectional view showing the 
cross-sectional structure of a semiconductor device, which is 
represented by DRAM or the like, during manufacturing 
processes. FIG. 16 is a plan view showing the planar 
structure of the semiconductor device, and FIG. 15 is taken 
along broken the line provided in FIG. 1<>. FIG. 17 is a 
cross-sectional view for describing etching of the semicon- 
ductor device. 



[0104] The method of manufacturing the device will now 
be described. 

[0105] First, the processes as described with reference to 
FIGS. 2 to 6 in the first embodiment are performed until the 
interlayer dielectric film 11 shown in FIG. 15 is formed. 

[0106] In the state shown in FIG. 15, when the contact 
hole 15 (e.g., a bit line contact hole) is patterned by the 
opening of the resist pattern 12, the contact hole 15 is 
patterned so as to extend over the distance between the two 
gate electrodes 4 (gate or word lines) and to become 
elongated in the direction of the bit lines 20. In short, the 
contact hole 15 is formed so as to include part of the 
horizontal portions of the gale electrodes 4. 

[0107] So long as the contact hole 15 by the foregoing 
standards is formed, etching reaches a horizontal portion 19 
of the nitride film 8. 

[0108] Although a deposition is generally unlikely to 
adhere to a shoulder portion of the nitride film 8, the 
deposition is apt to adhere to the horizontal portion 19. As 
shown in FIG. 17, the deposition film 17 is immediately 
formed on the nitride film 8. 

[0109] If etching proceeds in this state, a deposition 
becomes apt to adhere to the shoulder portion of the nitride 
film 8 when the shoulder of the nitride film 8 is etched, 
thereby preventing sputter-etching of the nitride film 8. 
Accordingly, the reliability of a wiring pattern can be 
improved. 

[0110] In the fourth embodiment, the opeing of the resist 
pattern facing a step portion of the silicon nitride film 8 
extends to a certain length or more over the upper surface of 
the silicon nitride film 8. 

[0111] As shown in FIGS. 15 and 16, a contact hole 15 is 
formed between the two gate electrodes 4. Preferably, the 
contact hole 15 extends over the horizontal portion of the 
silicon nitride film 8 to a length which is 0.1 times the width 
of the gap between the gate electrodes 4. 

[0112] Accordingly, in a case where a square contact hole 
is formed, the side of the hole is set to a length which is 1.2 
times the width of the gap between the two gate electrodes 
4, in a direction in which the contact hole extends over the 
gate electrodes. In a case where the shorter side of a 
rectangular contact hole is set equal to the width of the gap 
between the two gate electrodes 4, a ratio of the length of the 
longer side to the length of the shorter side is set to a value 
of 1.2 or more. 

[0113] As mentioned previously, according to the fourth 
embodiment, the contact hole is etched in such a way that the 
diameter of the contact hole extends over the horizontal 
portion of the nitride film, thereby preventing sputter-etch- 
ing of the silicon nitride film and a short circuiting in wiring 
patterns. 

[0114] Fifth Embodiment 

[0115] FIGS. 18 and 19 are views for describing a semi- 
conductor device according to a fifth embodiment of the 
present invention, as well as a method of manufacturing the 
semiconductor device. FIGS. 18 and 19 are cross-sectional 
views showing the cross-sectional structure of a semicon- 
ductor device, which is represented by DRAM or the like, 
during manufacturing processes. 
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[0116] The method of forming a self -aligned contact hole 
will now be described by reference to these drawings. 

[0117] First, a self-aligned contact hole such as that shown 
in FIG. 18 is formed by way of the manufacturing processes 
which have been described in the first embodiment and are 
shown in FIGS. 2 through 6. 

[0118] As shown in FIG. 18, the width dl of the groove 
or gap to be removed between the gate electrodes 4 is set to 
a value of 0.2 jum or less, and an aspect ratio hl/dl is set to 
a value of 2.5 or more by controlling the groove width dl 
between the gate electrodes 4 and the height hi of the nitride 
film 8 in the groove. The protective oxide film 5 may be 
deposited to a greater height to set the aspect ratio at a value 
of 2.5 or more. 

[0119] The interlayer oxide film 11 is a niso tropically dry- 
etched. When etching has proceeded to the bottom of the 
contact hole, the aspect ratio assumes a high value. As a 
result, the entry of radicals into the bottom of the contact 
hole is limited, and only ions are permitted to arrive into the 
bottom. As a result, the oxide/nitride selectivity is reduced, 
and, as shown in FIG. 19, the contact hole can be opened 
directly up to the semiconductor substrate 1. 

[0120] As mentioned above, according to the fifth embodi- 
ment, the contact hole can be opened to reach the semicon- 
ductor substrate without additional step to remove the nitride 
film serving as an etching stopper film after opening of the 
contact hole, as in the case of formation of a conventional 
contact hole. 

[0121] Since the interlayer insulating film and the stopper 
film provided at the bottom of the contact hole are removed 
simultaneously, the number of manufacturing processes and 
cost can be reduced. 

[0122] Sixth Embodiment 

[0123] FIG. 20 is a view for describing a semiconductor 
device according to a sixth embodiment of the present 
invention, as well as a method of manufacturing the semi- 
conductor device. FIG. 20 is a cross-sectional view showing 
the cross-sectional structure of a semiconductor device, 
which is represented by DRAM or the like, during manu- 
facturing processes. 

[0124] As shown in FIG. 20, in the sixth embodiment, a 
SiO x N y film is used as the etching stopper film 8 in lieu of 
a commonly-used silicon nitride film. 

[0125] The SiO x N y film is more analogous to Si than a 
silicon nitride film. 

[0126] When the SiO x N y film is subjected to a heat treat- 
ment, the film is transformed more analogous to Si. The heat 
treatment is conducted by a furnace annealing at 800° C. or 
more for 20 minutes or more. 

[0127] Si is less likely to be etched in an etching gas for 
an oxide film. As mentioned previously, so long as the 
stopper film becomes analogous to Si, a sufficient oxide/ 
silicon etching selectivity can be ensured. 

[0128] The wafer is etched through use of a high -density 
plasma etching system such as ECR or I CP, as well as by use 
of a C 4 F 8 /CH 2 F 2 /Ar/0 2 mixed gas. The deposition caused 
by the C 4 F 8 gas and the CH 2 F 2 gas protects the SiO x N y film 
provided below the oxide film from etching. Since the 



stopper film is analogous to Si, etching is less likely to 
proceed in this gas atmosphere. 

[0129] As mentioned above, so long as the SiO x N y film is 
used as a stopper film and is subjected to a heat treatment, 
there can be ensured a sufficient oxide/stopper film selec- 
tivity. 

[0130] As mentioned above, according to the sixth 
embodiment, a film having a higher selectivity can be used 
as the stopper film. Accordingly, a self-aligned contact hole 
can be opened by means of a self-alignment technique 
without involving short-circuiting. 

[0131] Seventh Embodiment 

[0132] FIGS. 21 to 27 are views for describing a semi- 
conductor device according to a seventh embodiment of the 
present invention, as well as a method of manufacturing the 
semiconductor device. 

[0133] The seventh embodiment is directed to manufac- 
ture of the self-aligned contact hole described in the first 
embodiment as shown in FIG. 1, under a method differing 
from those of the previous embodiments. 

[0134] A method of manufacturing a self-aligned contact 
hole according to the seventh embodiment will now be 
described by reference to the drawings. 

[0135] First, a wafer is subjected to the manufacturing 
processes described in the first embodiment with reference 
to FIGS. 2 through 5. 

[0136] As shown in FIG. 21, the resist pattern 12 to be 
used for forming a predetermined contact hole is formed on 
the interlayer oxide film 11. To form a contact hole by means 
of the self-alignment technique, the opening diameter d2 of 
the resist pattern 11 is formed so as to become larger than a 
contact hall diameter. FIG. 21 shows a miss-alignment xl 
between the resist pattern 12 and the gate electrode 4 
provided below the resist pattern 12. In some cases, an 
organic reflection prevention film may be deposited below 
the resist pattern. There will now be described the resist 
pattern which does not include any lower reflection preven- 
tion film. 

[0137] As shown in FIG. 22, the interlayer oxide film 11 
is dry-etched at a high nitride/oxide etch selectivity (ratio) (a 
selectivity of greater than 25) until the nitride film 8 
becomes exposed while the resist pattern 12 is used as a 
mask. 

[0138] One example of etching conditions is as follows: 

[0139] Gas: C 3 F 6 -16 seem, Ar= 150 seem, CH 2 F 2 =10 
seem, 

[0140] Pressure: 1 Pa, Source Power-1,200 W, Bias 
Power-1,400 W 

[0141] Commercially available Centura© HDP dielectric 
Etch System (manufactured by Applied Materials Co., Ltd.) 
was used in this embodiment. 

[0142] When the interlayer oxide film 11 is etched under 
the foregoing conditions, a nitride/oxide etch selectivity 
(ratio) of greater than 25 is ensured. Thereby, the entire 
nitride film 8, which covers the gate electrodes 4 and appears 
in the contact hole, will not be removed. 
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[0143] In the seventh embodiment, it is important that a 
C F 6 gas be used in place of a C 4 F 8 gas as described in 
Japanese Patent Application Laid-open No. Hei-7-1 61702. 

[0144] FIG. 25 is a graph showing a dropping rate of 
etching rate of the etching gases corresponding to change of 
flow rate of the etching gases. As shown in FTG. 25, 
although the C 4 F 8 gas and the C 3 F 6 gas have an identical C/F 
ratio, their etching rate shows different dropping down ratio 
from a contact hole of 1.0 /«n diameter to a contact hole of 
0.3 /an diameter. In short, the C 3 F 6 gas shows a smaller 
reduction in etching rate. This characteristic is important, 
because it affects the manufacturing yield of a semiconduc- 
tor element or the amount of required over -etching. 

[0145] FIG. 26 is a graph showing a ratio of etching rate 
of the etching gases corresponding to change of flow rate of 
the etching gases. As shown in FIG. 26, the C 4 F 8 gas and the 
C 3 F 6 gas shows substantially same selectivity ratio for a 
photoresist. Due to the difference in the absolute amount of 
C included in the C 4 F 8 gas and the C 3 F 6 gas, the C 3 F 6 gas 
shows slightly lower selectivity. However, such a difference 
in selectivity does not pose a problem in manufacturing a 
semiconductor device. Accordingly, as shown in FIG. 27, a 
drop ratio in etching rate can be maintained within 10% 
when a selectivity of greater than 25 is maintained at a 
tapered portion of the nitride film. 

[0146] Next, as shown in FIG. 23, the resist pattern is 
removed by a resist removing apparatus. Further, the nitride 
film 8 and the thin-film oxide film 7 are etched until the 
bottom of the contact hall becomes exposed under dry 
etching conditions in which the nitride/oxide elch selectivity 
(ratio) becomes low (assumes a value of, e.g., 0.2), through 
use of the gas such as CH 2 F 2 as described in Japanese Patent 
Publication No. Hei-6-12765. 

[0147] Thereafter, the bit line electrodes 20 are formed as 
shown in FIG. 24. 

[0148] As mentioned above, according to the seventh 
embodiment, an interlayer film/stopper film etch selectivity 
can be improved by means of the added gas. 

[0149] As a result, in a case where a self-alignment 
technique is used, a minute contact hole having superior 
dimensional stability can be formed without sacrificing 
electrical characteristics. There is achieved an improvement 
in the degree of integration of a semiconductor device, as 
well as improvement in the manufacturing yield and reli- 
ability of a semiconductor device, without involvement of a 
short circuiting between gate electrodes. 

[0150] Eighth Embodiment 

[0151] FIGS. 21 to 27 are views for describing a semi- 
conductor device according to an eighth embodiment of the 
present invention and a method of manufacturing the semi- 
conductor device, as in the case of the seventh embodiment. 

[0152] The eighth embodiment is directed to manufacture 
of the self-aligned contact hole as described in the first 
embodiment with reference to FIG. 1, under a method 
differing from those of the previous embodiments. 

[0153] A method of forming a self-aligned contact hole 
according to the eighth embodiment will now be described 
with reference to the drawings. 



[0154] First, a wafer is subjected to the procedures 
described in the first embodiment with reference to FIGS. 2 
through 5. Subsequently, the wafer is subjected to the 
process described in the seventh embodiment with reference 
to FIG. 21. 

[0155] Then, as shown in FIG. 22, the interlayer oxide 
film 11 is dry-etched at a high nitride/oxide etch selectivity 
(ratio) (a selectivity of greater than 25) until the nitride film 
8 becomes exposed, while the resist pattern 12 is used as a 
mask. 

[0156] One example of etching conditions is as follows: 

[0157] Gas: C 3 COFHCF 3 =18 seem, Ar=150 seem, 
CH 2 F 2 =10 seem, 

[0158] Pressure: 1 Pa, Source Power-1,200 W, Bias 
Power= 1,400 W 

[0159] Since the CF 3 COFHCF 3 gas contains oxygen 
atoms, the gas prevents a deposition from adhering to the 
inside of the contact hole in excessive amounts. Accord- 
ingly, when compared with a C 4 F 8 gas, the CF 3 COFHCF 3 
gas shows a smaller decrease in etching rate between a 
contact hole of 0.3 //m diameter and a contact hole of 1.0 jam 
diameter. 

[0160] This characteristic is important, because it affects 
the manufacturing yield of semiconductor device or the 
amount of over-etching required. Accordingly, the oxide/ 
nitride etching selectivity can be increased at the tapered 
portion of the nitride film without reducing the ratio in 
etching rate. Therefore, a contact hole can be formed without 
reducing the thickness of an insulating film surrounding a 
gate electrode. 

[0161] As mentioned above, according to the eighth 
embodiment, the wafer is subjected to plasma etching 
through use of a mixed gas formed by adding a 
CF 3 COFHCF 3 gas to a rare gas such as an Ar gas, and a 
selectivity ratio between an interlayer film and a stopper film 
can be improved. 

[0162] As a result, in a case where a self-alignment 
technique is used, a minute contact hole having superior 
dimensional stability can be formed without electrical char- 
acteristics being compromised. There is achieved an 
improvement in the degree of integration of a semiconductor 
device, as well as in the manufacturing yield and reliability 
of a semiconductor device without involvement of a short 
circuiting of the gate electrodes. 

[0163] Ninth Embodiment 

[0164] FIGS. 28 through 32 are views for describing a 
semiconductor device according to a ninth embodiment of 
the present invention and a method of manufacturing the 
semiconductor device, as in the case of the seventh embodi- 
ment. 

[0165] FIG. 28 shows a cross-sectional structure of a 
semiconductor device, represented by DRAM, during manu- 
facturing processes. The semiconductor device shown in 
FIG. 28 is substantially identical in structure with that 
shown in FIG. 1. Like reference numerals designate like 
elements, and repeated explanations thereof will be omitted. 
In FIG. 28, reference numeral 14 designates a reflection 
prevention film formed from organic material on the oxide 
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film 11; and 12 designates a photoresist which is formed on 
the reflection prevention film 14 and which is patterned in a 
desired position. 

[0166] A series of continual processes for manufacturing 
the semiconductor device having the foregoing construction 
will now be described. 

[0167] First, the wafer is subjected to the manufacturing 
processes described in the first embodiment with reference 
to FIGS. 2 through 5. 

[0168] As shown in FIG. 29, the organic reflection pre- 
vention film 14 is deposited on the interlayer oxide film 11 
in a process subsequent to the process shown in FIG. 5. The 
resist pattern 12 to be used for forming a predetermined 
contact hole is formed on the interlayer o>ade film 11. To 
form a contact hole by means of the self- alignment tech- 
nique, the resist pattern is formed to have a hole dimension 
d2 which is larger than a contact portion of a diameter dl. 
FIG. 29 shows a misalignment xl between the resist pattern 
12 and the gate electrode 4 provided below the resist pattern 
12. 

[0169] As shown in FIG. 30, the organic reflection pre- 
vention film 14 and the interlayer oxide film 11 are removed 
in a continual manner by means of dry etching within the 
same processing chamber. Due to the successive processing 
in the same system, the number of processes and manufac- 
turing cost can be reduced. 

[0170] Since the material of the stopper film 8 differs from 
that of the organic reflection prevention film 14 and that of 
the interlayer oxide film 11, the film 8 is etched away under 
suitable conditions. More specifically, a step of etching the 
stopper film 8 is separated from a step of etching the 
reflection prevention film 14 and the interlayer oxide film 11. 

[0171] In the step of etching the reflection prevention film 
14, an organic material is etched. Therefore, the organic 
reflection prevention film 14 is usually etched at a higher 
rate through use of an oxygen-containing gas such as that 
described in Japanese Patent Application Laid-open No. 
Hei-9-120963. 

[0172] At this time, if the etching conditions are set under 
which the etching rate of organic reflection prevention film 
14 assumes a value of 150 nm/min or more, or under which 
a selectivity ratio between the organic reflection prevention 
film and a resist assumes a value greater than 1, i.e., (an 
organic reflection prevention film/resist select ivity)>l, then 
the deposition film adhering to the internal wall of a pro- 
cessing chamber (reactor) is exfoliated and adheres to the 
semiconductor device, thus deteriorating manufacturing 
yield. 

[0173] FIG. 33 shows an example of such etching. FIG. 
33 shows a relationship between the etching rate of organic 
reflection prevention film and the amount of deposition 
adhering to a semiconductor substrate. The drawing shows 
that exfoliation of the deposition film from the internal wall 
of the reactor can be prevented by reducing the etching rate, 
thus permitting processing of the semiconductor substrate 
without involvement of adhesion of foreign substances. 

[0174] Accordingly, the exfoliation of the deposition film 
from the internal wall of the reactor can be prevented by 
setting the etching condition under which the etching rate of 
organic reflection prevention film 14 assumes a value of less 



than 150 nm/min, preferably a value ranging from 50 
nm/min to less than 150 nm/min, or conditions under which 
an etching selectivity between the organic reflection preven- 
tion film and the resist assumes a value of lower than 1, i.e., 
(an etching rate of organic reflection prevention film/an 
etching rate of resist)<l, preferably a value ranging from 0.3 
to less than 1. 

[0175] In the present embodiment, to accomplish the 
foregoing conditions, the etching rate is reduced by adding 
a deposit-type gas such as CF 4 or C 4 F 8 gas to an oxygen gas. 
In a case where an ICP etching system is used, an exem- 
plified amount of CF 4 gas to be added is 5 to 40 seem, and 
an exemplified amount of C 4 F a gas to be added is 5 to 10 
seem. 

[0176] Such a phenomenon is noticeable at the time of 
formation of a self-aligned contact hole. The reason for this 
is that since the interlayer oxide film is etched at a high 
oxide/Si 3 N 4 etching selectivity, which in turn causes large 
depositions as described in Japanese Patent Application 
Laid-open Nos. Hei-7-161702 or Hei-9-50986, a deposition 
film is apt to be deposited on the internal wall of the reactor, 
as shown in FIG. 32. 

[0177] Thereafter, the resist pattern 12 is removed by 
means of a resist removing apparatus. At this time, the 
organic reflection prevention film 14 can also be removed 
simultaneously. Since a step subsequent to this step is 
identical with that described in the previous embodiments, 
its explanation is omitted. 

[0178] As mentioned above, according to the present 
embodiment, a deposition film is prevented from adhering to 
the internal wall of a processing chamber by reducing a rate 
at which an organic reflection prevention film is etched. 
More specifically, a minute contact hole having superior 
dimensional stability can be formed by means of the self- 
alignment technique without electric characteristics being 
compromised, so long as the etching conditions are set under 
which the etching rate of organic reflection prevention film 
assumes a value of less than 150 nm/min or conditions under 
which an etching selectivity between the organic reflection 
prevention film and the resist assumes a value lower than 1. 
Further, imperfections in a semiconductor substrate caused 
by foreign substances can be reduced, thereby resulting in an 
improvement in the degree of integration of a semiconductor 
device. Further, manufacturing yield and reliability of a 
semiconductor device are improved without involvement of 
a short circuiting of the gate electrode. 

[0179] For reference, the present embodiment may be 
summarized as follows. In the present embodiment, a semi- 
conductor device includes a silicon oxide film formed on an 
underlying film on a semiconductor substrate; an organic 
reflection prevention film formed on the silicon oxide film; 
and a resist mask formed on the organic reflection preven- 
tion film, the resist mask having an opening at a predeter- 
mined position. In the method of manufacturing the semi- 
conductor device, the organic reflection prevention film is 
etched through said opening of said resist mask at an etching 
rate of lower than 150 nm/rnin. 

[0180] Alternatively, in the method of manufacturing the 
semiconductor device, the organic reflection prevention film 
is etched through said opening of said resist mask under the 
condition that an etching selectivity ratio of the organic 
reflection prevention film to the resist mask is less than one. 
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[0181] In another aspect, in the method, the organic reflec- 
tion prevention film is etched by means of plasma etching 
through use of a CF 4 or C 4 F S gas added to an oxygen- 
containing gas. 

[0182] Under the semiconductor device manufacturing 
method according to the present embodiment, an organic 
reflection prevention layer provided below a resist pattern is 
etched at a lower rate, thereby preventing exfoliation of a 
deposition film from the internal wall of a processing 
chamber. As a result, a failure in a semiconductor substrate 
caused by foreign substances can be reduced, thus enabling 
an improvement in manufacturing yield and reliability of a 
semiconductor device. 

[0183] Tenth Embodiment 

[0184] A semiconductor device and a method of manu- 
facturing the device according to a tenth embodiment of the 
present invention will now be described with reference to 
FIGS. 4, 5, and 28. 

[0185] As shown in FIG. 4, in a case where a self-aligned 
contact is used when forming a semiconductor device, the 
silicon nitride film 8 is deposited after formation of a gate 
conductive layer. 

[0186] The thickness of the silicon nitride film 8 is set by 
means of a nitride film selectivity ratio used in a subsequent 
step, i.e., at the time of etching of a contact hole. The 
thickness is set to about 100 to 500 A. 

[0187] The interlayer oxide film 11 is deposited on the 
silicon nitride film 8. Subsequently, as shown in FIG. 5, the 
oxide film 11 is smoothed. 

[0188] Thereafter, as shown in FIG. 28, in order to form 
a high-precision minute hole, the organic reflection preven- 
tion film 14 is used at the time of patterning of the resist 11. 

[0189] When the contact hole is formed in the semicon- 
ductor substrate 1, the oxide film 11 must be etched selec- 
tively with respect to the nitride film 8 after the organic 
reflection prevention film 14 has been processed. 

[0190] At this time, the organic film is etched in an 
oxygen-containing gas through use of high -density plasma 
such as ICP or ECR which enables minute processing. 
Subsequently, the processing is switched to a step of etching 
the oxide film 11 through use of a gas having a low C/F ratio 
such as a C 4 F 8 gas. 

[0191] As mentioned previously, the etching processes 
comprises two steps; the one step at which a deposition is 
formed in small amounts with a low selectivity ratio (i.e., a 
step of etching an organic film) and the other step at which 
a deposition is formed in large amounts with a high selec- 
tivity ratio (i.e., a step of etching an oxide film). In an 
apparatus which produces high density plasma, a wafer is 
processed on a per-sheet basis. Accordingly, the second 
wafer and subsequent wafers are processed through cycles 
of high and low deposition steps. As a result, a deposition 
adheres to the wall of the processing chamber, and the 
thus-adhering deposition is exfoliated, the;:eby generating 
dust in the chamber. 

[0192] As a measure to prevent dust, each time a wafer is 
etched, the processing chamber is cleaned. The wafer is 
cleaned under an oxygen-rich gas atmosphere for a period of 
time during which the amount of foreign substances 



becomes stable while bias power is set in consideration of a 
reduction in the thickness of a shoulder portion of the nitride 
film provided along a gate electrode. 

[0193] As mentioned above, according to the tenth 
embodiment, dust is prevented from arising in the process- 
ing chamber, thus enabling a reduction in the amount of 
foreign substance adhering to a device. Accordingly, pattern 
failures caused by dust are prevented, and system through- 
put and the electric characteristics of a semiconductor device 
can be improved. 

[0194] For reference, the present embodiment may be 
summarized as follows. In the present embodiment, a semi- 
conductor device includes a silicon oxide film formed on an 
underlying film on a semiconductor substrate; an organic 
reflection prevention film formed on the silicon oxide film; 
and a resist mask formed on the organic reflection preven- 
tion film, the resist mask having an opening at a predeter- 
mined position thereon. In the method of manufacturing the 
semiconductor device, the semiconductor substrate is pro- 
cessed by plasma-etching the organic reflection prevention 
film and by plasma-etching the silicon oxide film through 
said opening within a processing chamber. Further, the 
processing chamber is subjected to cleaning discharge after 
completion of processing of the semiconductor substrate, 
thereby removing organic depositions adhering to the pro- 
cessing chamber. 

[0195] Under the semiconductor device manufacturing 
method according to the present embodiment, a processing 
chamber is subjected to cleaning discharge after completion 
of processing of one semiconductor substrate and before 
processing another semiconductor substrate, thus removing 
organic depositions adhering to the processing chamber. As 
a result, dust and pattern failures caused by dust are pre- 
vented, thus enabling an improvement in manufacturing 
yield and reliability of a semiconductor device. 

[0196] Finally, the effects and advantages of the present 
invention may be summarized as follows. 

[0197] According to the present invention, when a contact 
hole is formed by means of a self-alignment technique, 
prevented is a progress of etching of an etching stopper film 
which protects a conductive section such as a gate electrode, 
and also prevented is a deterioration of electric characteris- 
tics of a contact hole. Thus, the manufacturing yield and 
reliability of a semiconductor device are improved. 

[0198] Further in detail, the present invention yields the 
following advantageous results: 

[0199] Under a semiconductor device manufacturing 
method according to the present invention, a shoulder of a 
step of a silicon nitride film in a contact hall may be tapered 
by etching a silicon oxide film through an opening of a resist 
mask by means of plasma etching in a mixed gas including 
a rare gas and a CF-based gas. As a result, a tapered angular 
portion is formed at the bottom of the contact hole, thus 
preventing a filling failure. 

[0200] Under a semiconductor device manufacturing 
method according to the present invention, a silicon oxide 
film and a step of a silicon nitride film provided blow the 
oxide film may be etched through an opening of a resist 
mask by means of plasma etching which employs a mixture 
of a CH 2 F 2 gas and a mixed gas including a rare gas and a 
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C 4 F 8 gas. By means of the added gas, the silicon oxide film 
(i.e., an interlayer dielectric film) and the silicon nitride film 
(i.e., an etching stopper film) can be etched simultaneously, 
thus reducing the number of manufacturing processes and 
manufacturing cost and resulting in an improvement in 
manufacturing yield. 

[0201] Further, when a contact hole lies on only one of 
gate electrodes as a result of a miss-alignment at the time of 
photolithography of the contact hole, the stopper film pro- 
vided at the bottom of the contact hole is etched at the time 
of forming the contact hole, thus enabling easy removal of 
a stopper film from the bottom of the contact hole in a 
subsequent step. 

[0202] Under a semiconductor device manufacturing 
method according to the present invention, a contact hole 
(SAC hole) in a semiconductor substrate may be formed 
simultaneously with formation of a contact hole for a 
conductor such as a gate, thereby enabling a significant 
reduction in the number of manufacturing; processes and 
manufacturing cost. 

[0203] Under a semiconductor device manufacturing 
method according to the present invention, a silicon oxide 
film may be etched through an opening of a resist mask in 
such a way that the contact hole expends by a required 
amount over a horizontal portion of a silicon nitride film 
which is continuing the bottom of the contact hole. As a 
result, there can be prevented sputter- etching of a silicon 
nitride film and a short circuiting between wiring patterns. 

[0204] Under a semiconductor device manufacturing 
method according to the present invention, when a silicon 
oxide film is etched through an opening of ;i resist mask so 
as to form a contact hole in a slit of the nitride film at the 
bottom of the contact hole, an aspect ratio A/B of the slit of 
the silicon nitride film is set to a value of 2.5 or more. 
Accordingly, the silicon oxide film (i.e., an interlayer dielec- 
tric film) and the silicon nitride film (i.e., a stopper film) 
provided at the bottom of the contact hole can be removed 
simultaneously. Therefore, the number of manufacturing 
processes and manufacturing cost can be significantly 
reduced. 

[0205] Under a semiconductor device manufacturing 
method according to the present invention, when a silicon 
oxide film is etched through an opening of a resist mask and 
a contact hole is formed along an etching stopper film 
provided at the bottom of the contact hole, a SiO x N y film is 
used as the etching stopper film. Accordingly, a film having 
a considerably high selectivity ratio can be used as the 
etching stopper film, and exfoliation of the etching stopper 
film can be prevented. 

[0206] Under a semiconductor device manufacturing 
method according to the present invention, a silicon oxide 
film (i.e., an interlayer dielectric film) is etched through an 
opening of a resist mask by means of plasma etching, 
through use of a mixed gas including a rare gas and either 
a C 3 F 6 or a CF 3 — O — CFHCF 3 gas. By means of the added 
gas, a selectivity ratio between the silicon oxid'2 film (i.e., an 
interlayer dielectric film) and an etching stopper film (i.e., a 
silicon nitride film) can be improved, thus preventing exfo- 
liation of the etching stopper film. 

[0207] Obviously many modifications and variations of 
the present invention are possible in the light of the above 



teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may by practiced 
otherwise than as specifically described. 

What is claimed is: 

1. A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming a resist mask on a silicon oxide film laid on a 
silicon nitride film having a step portion on a semicon- 
ductor substrate, in such a way as to have an opening 
above said step portion; and 

etching the silicon oxide film through said opening of the 
resist mask, by means of plasma etching through use of 
a processing gas comprising a mixture of a rare gas and 
a CF-based gas, thereby tapering the shoulder of said 
step portion of said silicon nitride film. 

2. The semiconductor device manufacturing method as 
defined in claim 1, wherein a mix ratio of said rare gas and 
said CF-based gas is adjusted to control the position where 
said step portion of said the silicon nitride film is tapered. 

3. The method of manufacturing a semiconductor device 
as defined in claim 1, further comprising the step of: 

anisotropically etching said silicon nitride film through 
said opening by means of plasma etching through use 
of a mixed gas including Cl 2 and HBr. 

4. The method of manufacturing a semiconductor device 
as defined in claim 1, wherein a C 4 F 4 gas is used as said 
CF-based gas. 

5. The method of manufacturing a semiconductor device 
as defined in claim 4, wherein a CH 2 F 2 gas is added to said 
mixed gas including a rare gas and a C 4 F 8 gas. 

6. The semiconductor device manufacturing method as 
defined in claim 5, wherein a mix ratio of the rare gas and 
the CH 2 F 2 gas is adjusted according to the height of said step 
portion of said silicon nitride film. 

7. The method of manufacturing a semiconductor device 
as defined in claim 5, further comprising the steps of: 

forming another opening in said resist mask above a 
silicon conductive film which is disposed under said 
silicon nitride film; 

etching said silicon oxide film and said silicon nitride film 
through said opening, thereby forming a hole reaching 
said silicon conductive film. 

8. The method of manufacturing a semiconductor device 
as defined in claim 1, wherein said semiconductor device 
includes said silicon nitride film formed on an underlying 
film on a semiconductor substrate, said silicon nitride film 
having a step portion for forming a groove with predeter- 
mined width and height, and said silicon oxide film formed 
on said silicon nitride film, and the method comprising the 
steps of: 

forming said resist mask on said silicon oxide film so as 
to have said opening above said step portion of said 
silicon nitride film; said opening being formed to 
extend on the upper surface of said step portion of said 
silicon nitride film by at least 0.1 times the width of said 
groove; and 

etching said silicon oxide film through said opening. 

9. The method of manufacturing a semiconductor device 
as defined in claim 1, comprising the step of: 
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forming said etching stopper film on an underlying layer 
on said semiconductor substrate, said etching stopper 
film being formed so as to have a groove with a width 
of less than 0.2 jum and height of not less than 2.5 times 
of said width. 

10. The method of manufacturing a semiconductor device 
as defined in claim 1, wherein said silicon nitride film is 
substituted by a SiOJ^y film. 

11. A method of manufacturing a semiconductor including 
a silicon oxide film formed on an underlying layer on a 
semiconductor substrate, the method comprising the steps 
of: 



forming on said silicon oxide film a resist mask having an 
opening formed at a predetermined location thereon; 
and 

etching said silicon oxide film through said opening of the 
resist mask to form a hall reaching said silicon nitride 
film, by means of plasma etching through use of a 
mixed gas including a rare gas and a C 3 F 6 gas or 
CF 3 — O— CFHCF 3 gas. 
12. A semiconductor device manufactured by the semi- 
conductor device manufacturing method as defined in claim 
1. 

* * * * * 



